The aim of this study was to compare the clinical effects and characteristics of hyperbaric and hypobaric levobupivacaine for unilateral spinal anaesthesia. Sixty patients were randomly allocated into two groups to receive either 7.5 mg (1.5 ml) hyperbaric levobupivacaine 0.5% or 7.5 mg (4 ml) hypobaric levobupivacaine 0.1875% for elective arthroscopic surgery of the knee under spinal anaesthesia. The level and duration of sensory block, intensity and duration of motor block were recorded.
Small doses of long-acting local anaesthetics have been used to obtain short-lasting spinal block 1 . Limiting the block on the operative side using hyperbaric solutions, directional needles and lateral decubitus position maintained for a certain period of time have been suggested as a means of providing high-quality and long-duration anaesthesia 2, 3 .
Levobupivacaine, an amide local anaesthetic which is the isolated S-enantiomer of racemic bupivacaine and which has a better cardiovascular toxicity profile, has been studied to some degree for spinal anaesthesia 4, 5 . Although hyperbaric levobupivacaine has been used in unilateral spinal anaesthesia 6 , hypobaric levobupivacaine has not been studied.
The aim of this randomised clinical trial was to evaluate the use of hyperbaric and hypobaric levobupivacaine for unilateral spinal anaesthesia. The effectiveness of surgical block and recovery profiles were compared.
METHODS
After the study protocol had been approved by the local ethics committee, written informed consent was obtained from 60 American Society of Anesthesiologists physical status I and II patients aged 18 to 60 years receiving spinal anaesthesia for elective ambulatory arthroscopic surgery of the knee. Patients receiving chronic analgesic therapy and those with marked scoliosis, diabetes or peripheral neuropathy were excluded from the study. Standard monitoring included non-invasive arterial blood pressure, heart rate and pulse oximetry. Baseline values were recorded. An 18gauge peripheral venous cannula was placed and a standard volume infusion of lactated Ringer's solution (5 ml.kg -1 for 15 minutes) was given. Patients were premedicated with intravenous (IV) midazolam 0.03 mg.kg -1 . Heart rate and blood pressure were recorded every five minutes with the patient positioned in the lateral position and until the end of surgery, then at 15-minute intervals during recovery. Clinically relevant hypotension (decrease in systolic arterial blood pressure by 30% or more from baseline) was initially treated with IV 0.9% NaCl solution (250 ml over five minutes); if the patient did not respond, a bolus of IV ephedrine 5 mg was given. Bradycardia (≤50 beats/minute) was treated with IV atropine 0.5 mg. Using a computer generated list of random numbers, patients were assigned by an anaesthetic nurse to one of the treatment groups. The patients in the hyperbaric group were placed with the operative side down and with the operative side uppermost in the hypobaric group. Dural puncture was performed in the midline at the L3-4 interspace by using a 26gauge atraumatic modified pencil-point needle (Atraucan; Braun, Melsungen, Germany) with a 20-gauge introducer.
In the first group (hyperbaric group, n=30), after free flow of cerebrospinal fluid (CSF) had been observed, 7.5 mg (1.5 ml) hyperbaric levobupivacaine 0.5% (Chirocaine: levobupivacaine hydrochloride, Abbott Laboratories, UK) (consisting of 2.7 ml levobupivacaine 0.75%, 1.1 ml of 30% glucose, and 0.2 ml of normal saline solution, achieving a final concentration of 0.5% local anaesthetic with 8.25% glucose, density at room temperature: 1.0249 g.ml -1 and 1.0232 g.ml -1 at 37°C) was injected at approximately 0.05 ml.s -1 without CSF aspiration or barbotage.
In the second group (hypobaric group, n=30), after free CSF flow had been observed, 7.5 mg (4 ml) hypobaric levobupivacaine 0.1875% (1 ml levobupivacaine 0.75% diluted with sterile water up to 4 ml; density at room temperature: 0.9949 g.ml -1 and 0.9940 at 37°C) was injected using the same technique. All solutions were prepared aseptically immediately before injection by the anaesthetist administering the spinal block. The density of the solutions was measured with DE50™ density meter (Mettler Toledo). The bevel of the needle was turned toward the operative side in both groups. The lateral decubitus position was maintained for 15 minutes before the patients were turned to the supine position. Assessment of motor and sensory blocks was performed by another anaesthetist who was unaware of the solution injected. Assessments were made at 2.5, 5, 10 and 15 minutes after the injection in the lateral position, 15 minutes after turning supine, and then every 15 minutes until complete resolution of spinal block. Motor block was assessed using a modified Bromage scale by asking the patient to flex the lower limb at the hip, knee, ankle joints 7 (Table 1) .
Sensory level was evaluated bilaterally in the mid-clavicular line by loss of sensation to pinprick (20-gauge hypodermic needle). Onset and regression of sensory and motor blocks were compared between the operative and the non-operative sides. Unilateral spinal anaesthesia was defined as surgical anaesthesia confirmed by loss of pinprick sensation at or above L1 and complete motor block on the operative side only, while the non-operative side maintained sensation to the pinprick test and showed no motor block. The success of unilateral spinal anaesthesia was assessed after 15 minutes in the lateral position and then 15 minutes after patients were turned supine. Pain or patient discomfort was relieved by supplemental IV fentanyl or propofol respectively. The quality of spinal anaesthesia was judged according to the need for supplementary IV analgesics and sedation: satisfactory spinal anaesthesia was assessed as when no fentanyl or sedation was needed, unsatisfactory spinal anaesthesia was assessed as being when additional IV fentanyl 100 µg or continuous IV propofol infusion 2 mg.kg.h -1 was needed and failed spinal anaesthesia was assessed when general anaesthesia was deemed necessary.
Postoperative analgesia consisted of 8 mg IV lornoxicam. The time to first analgesic requirement and spontaneously voiding were recorded. The criteria for home discharge included stable vital signs, tolerance of oral fluids, spontaneous voiding, absence of nausea and pain that was manageable with oral analgesics. Ambulation and hospital discharge were determined by the surgeon.
Symptoms of headache or pain and/or dysaesthesias in the buttocks, thighs or lower limbs were sought by the same blinded observer 24 hours after dural puncture and three days postoperatively. Patient satisfaction was also evaluated at this time by requesting the patients to rate their opinion about their anaesthesia as poor, satisfactory or good.
The primary study endpoint was the success of unilateral spinal anaesthesia. A sample size of 29 per group was required to detect at least 40% difference in unilateral spinal anaesthesia after patients were turned supine, with a power of 85% at the 5% significance level. A 40% difference was taken from a previous investigation 8 
RESULTS
Patients' demographic data and duration of surgery are listed in Table 2 . There were no differences between groups regarding age, height and weight, or duration of surgery. Readiness for surgery was achieved in all patients studied with no spinal block failure reported -a 100% success rate in each group. Two patients in the hypobaric group and one patient in the hyperbaric group felt discomfort during the operation and were given 100 µg fentanyl. One patient in the hypobaric group received propofol sedation.
The characteristics of the spinal block are presented in Table 3 . The redistribution of the spinal block toward the non-operative side was greater in the hypobaric group. Figure 1 shows the sensory block on the operative and nonoperative sides in both groups. The time to complete resolution of sensory block did not differ between the groups (hyperbaric group 214±44 minutes versus hypobaric group 230±39 minutes).
Motor block assessments are shown in Figures 2  and 3 . In the hyperbaric group, motor block scores were higher than in the hypobaric group on the operative side during first 10 minutes (P <0.002: 2.5, 5 and 10 minutes). The Bromage scores were similar between the groups at the end of the operation. The mean duration of the motor block was 135±45 minutes in the hyperbaric group and 163±45 minutes in the hypobaric group (P=0.01). There were no differences between groups regarding the haemodynamic parameters. One patient in the hypobaric group and two patients in the hyperbaric group had bradycardia. None of the patients developed hypotension.
Time to first voiding of urine, home discharge, first analgesic requirement and patient satisfaction rates are shown in Table 4 . Urinary retention was reported in one patient from the hyperbaric group. There were no reports of post-dural puncture headache or pain in the buttocks or lower limbs at postoperative follow-up.
DISCUSSION
Compared to conventional spinal anaesthesia, limiting the extent of the spinal block to the dermatomes of the operative side has been shown to provide better cardiovascular stability, faster motor and sensory recovery and higher patient satisfaction 3, [9] [10] [11] . In this study, 7.5 mg of hypobaric or hyperbaric levobupivacaine produced adequate levels of spinal anaesthesia for unilateral knee arthroscopy. In addition, unilateral block was achieved in 90% of patients in hyperbaric group and 80% in hypobaric group in the lateral decubitus position. In the supine position at 15 minutes after injection of the local anaesthetic, the incidence of unilateral spinal block was significantly higher in patients who received hyperbaric levobupivacaine. Levobupivacaine, the S-enantiomer of racemic bupivacaine, has approximately equipotency with bupivacaine when used in similar concentration and doses 4 , but less neurotoxic and cardiotoxic effects 5 . Hyperbaric local anaesthetic solutions have been frequently preferred to hypobaric solutions in studies of unilateral spinal anaesthesia 2, 12, 13 . Some studies suggest that a more predictable neural blockade can be obtained with hyperbaric solutions because of the difference in baricity with CSF 2, 3, 14, 15 . In this present study, the incidence of unilateral spinal block was found to be significantly lower in the hypobaric levobupivacaine group in the supine position (hyperbaric group 60%, hypobaric group 33%), although it was similar initially in the lateral position.
The use of different volumes of local anaesthetic solution is a limitation of methodology of the present study. Although we used the same dose of levobupivacaine (7.5 mg) for both groups, the total volume was 1.5 ml in the hyperbaric group and 4 ml in the hypobaric group. The maximum sensory block level and the duration of spinal anaesthesia were similar between the groups. Several studies have investigated the relationship between dosage, volume and concentration of the local anesthetic solution 16, 17 .
The evidence seems to support the finding that variations in volume and concentration of local anaesthetic solution play only minor roles in intrathecal drug spread, whereas the total amount of local anaesthetic molecules injected into the spinal canal appears to be a more important factor 17, 18 . Turbulence created during the intrathecal injection may dilute the baricity of the anaesthetic, thereby making the anaesthetic isobaric and preventing gravity-dependent distribution 18 . Therefore we used the same slow injection speed in both groups in order to avoid turbulence effects.
Capelleri et al reported that the resolution of spinal block and home discharge were shorter with ropivacaine 7.5 mg than levobupivacaine 7.5 mg, whereas there were no differences when compared to levobupivacaine 5 mg 19 . Although the time to complete resolution of sensory block and readiness for home discharge were slightly longer in both levobupivacaine groups in our study compared with Cappelleri et al, our results are not clinically substantially different. The greater vasoconstrictive effect of the S-enantiomer may be responsible for the prolonged sensory blockade with levobupivacaine 20 . Levobupivacaine has a dose-dependent duration of effect. Burke at al have reported the time to resolution of sensory block of intrathecally administered 3 millilitres of a plain solution of 0.5% levobupivacaine (15 mg) to be 6.5 hours 21 . The duration of motor block was 4.4 hours in the same study 21 . In our study, the mean duration of sensory block was of 3.4 hours and of motor block 2.2 hours.
The incidence of hypotension is lower with unilateral spinal anaesthesia compared with conventional bilateral anaesthesia 22, 23, 24 . In both groups in our study haemodynamic parameters were within safe ranges during the intra-and postoperative period.
Although maintaining a patient in the lateral position for 15 minutes before the surgery may be regarded as a problem in busy practices, either unilateral or conventional bilateral spinal block with the same small dose of bupivacaine result in only a slight delay from spinal injection time to readiness for surgery 10, 15 . Proper organisation of the operating theatre and performing regional techniques in a well-designed block room can minimise the time spent in waiting for onset of the spinal block 15, 25 .
In conclusion, in this study 7.5 mg hyperbaric or hypobaric levobupivacaine provided adequate unilateral spinal anaesthesia and good haemodynamic stability for short-duration unilateral lower extremity surgery. Unilateral spinal anaesthesia was more frequent in the hyperbaric group. No patient had a postoperative complication and high patient satisfaction was obtained. In our opinion, levobupivacaine, especially the hyperbaric formulation, is a good alternative for unilateral spinal anaesthesia.
